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Abstract
Inshore bottlenose dolphins (Tursiops truncatus) show high levels of site fidelity that
have enabled the establishment of dolphin watching activities worldwide. Bottlenose dolphins in
Bocas del Toro, Panama live in a small and genetically isolated population. Dolphins, whose
home ranges are primarily found within Dolphin Bay, are exposed to high levels of harassment
by tour boats. Previous research shows that Dolphin Bay is a stressful environment for these
dolphins. During encounters with tour boats, dolphin foraging and social activities are
interrupted, mother-calf pairs are separated, and dolphins are sometimes injured by these
interactions. As a result, the International Whaling Commission has repeatedly expressed
concerns about the impacts of tourism activities on this dolphin population. This Honors thesis
studies the group behavior, female reproduction, and calf survivorship of bottlenose dolphins in
the archipelago of Bocas del Toro, Panama from 2004 to 2019. In my first chapter, I introduce
this population. In chapter 2, I review the population characteristics of bottlenose dolphins in
Bocas del Toro and compare them to other well-known populations that experience similar levels
of harassment by tour boats. In chapter 3, I describe bottlenose dolphin group composition and
behavioral activities in the context of calves from behavior data. Finally in chapter 4, I calculate
female dolphin reproduction productivity and calf survivorship rates using photo-identification
data (photos of natural marks on the dorsal fins of dolphins). My results show that groups with
calves were larger in habitats where there is more tour-boat activity and when dolphins were
engaged in social activities. Females in Bocas del Toro had a mean interbirth interval (IBI) of
54.96 months and a calf survivorship rate of 41.3%. Together, my results suggest a potential
impact of tour-boat interactions, directly and indirectly, on the health of this dolphin population.
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The results will inform ongoing efforts by the government to protect these dolphins’ critical
habitat which will lead to stronger regulations on boat activity.
Key Words: Boat Compliance; Dolphin Watching; Tour Boats; Photo Identification;
Reproductive Rate; Fecundity.
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Chapter 1: Introduction
Background and Literature Review
The common bottlenose dolphin, Tursiops truncatus, is a member of the Delphinidae
family. The Delphinidae family, or oceanic dolphin family, originated from a single species
during the Miocene, about 10-15 Ma (Moura et al. 2020). There are 37 species in the Family
Delphinidae. There are two species of bottlenose dolphin, formally recognized as Tursiops
truncatus, the common bottlenose dolphin, and Tursiops aduncus, the Indo-pacific bottlenose
dolphin (Society for Marine Mammalogy, 2020).
The common bottlenose dolphin is a cosmopolitan species, found in pelagic and inshore
waters of temperate and tropical regions (Jefferson et al. 2008). There are two recognized
ecotypes of bottlenose dolphins, the ‘inshore’ form that inhabits shallow waters and a
‘worldwide’ form that is found in pelagic waters (Klatsky et al. 2007; Barragan-Barrera et al.
2017). The inshore form is smaller than the worldwide form, and lives in discrete populations
along the coast (Barragan-Barrera et al. 2017) and feeds on fish and invertebrates found near the
shore.
At birth, common bottlenose dolphins are 3-5 feet long and are 30-45 pounds (Jenkins,
2009). Adult females are typically 7-12 feet and weigh about 550 pounds, while males are larger
with an average length of 8-12.5 feet and weigh about 1,100 pounds (Jenkins, 2009). Females
achieve sexual maturity at an earlier age while males continue to grow, which is why there is
sexual dimorphism (Jenkins, 2009). Bottlenose dolphins do not possess secondary sexual
characteristics, instead sexual dimorphism is expressed through size (Tolley et al. 1995). In a
study done by Tolley et al. 1995 using capture-recapture data, they measured different aspects of
male and female bottlenose dolphin anatomy to determine if females and males could be

5

Kahlia Gonzales

Honors Thesis

differentiated based on the size of their dorsal fins. The results found that males have a more
robust body conformation with larger appendages than females, likely a result of male-male
aggression when competing for females, which affected the evolution and subsequent sexual
dimorphism.
Both bottlenose dolphin species live in a fission-fusion society that consists of groups
whose composition changes constantly (Jefferson et al. 2008; Reynolds III and Wells, 2003). In
general, groups can consist of both sexes and animals of different ages, however males tend to
form long-term alliances that enable them to access females during mating (Reynolds III et al.
2000; Jenkins, 2009). Group cohesion is maintained using individual specific sounds called
signature whistles (Perez-Ortega et al. 2021). Signature whistles are frequency modulated sounds
that are used as contact calls when the animals are separated or greeting each other (Perez-Ortega
et al. 2021; Reynolds III et al. 2000; Jenkins, 2009). These sounds are developed a few days after
birth and are retained for the duration of a dolphin’s life (Jefferson et al. 2008, Reynolds III et al.
2000; Jenkins, 2009). Other whistles and call variants are used in broader ways, including group
cohesion, coordination of activities, and social interactions (Perez-Ortega et al. 2021).
In the United States, Bottlenose dolphins are protected under the Marine Mammal
Protection Act of 1972 (NOAA). This Act allows marine species to reach and maintain
sustainable population levels (NOAA). Anyone that removes an animal without proper
procedures will face up to a $20,000 fine or a period of incarceration for up to a year (NOAA).
Bottlenose dolphins are also protected under the Environment Protection and Biodiversity
Conservation Bill of 1998 in Australia (NOAA). Bottlenose dolphins are not threatened, but
coastal populations that overlap with human activities are vulnerable to threats including disease,
biotoxins, pollution, habitat alteration, vessel collisions, feeding by humans, harassment,
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interactions with commercial and recreational fishing, energy exploration and oil spills, and other
types of human disturbance, such as underwater noise (Jefferson et al. 2008; Ridgway et al.
1999; Reynolds III et al. 1999; NOAA; Jenkins, 2009)
Thesis Goals
This Honor’s thesis studies the group behavior, female reproduction, and calf
survivorship of bottlenose dolphins in the archipelago of Bocas del Toro, Panama from 2004 to
2019. My hypothesis is that the presence of calves in dolphin groups varies between sites in the
archipelago and with behavior. I expect to find a higher number of groups within Dolphin Bay
than in other parts of the archipelago because this is a semi-closed area considered to be a
nursing habitat for these dolphins (May-Collado et al. 2017). I also expect to find dolphin groups
with calves to be larger than adult-only groups, particularly during social activities. Additionally,
I hypothesize that female reproduction intervals and calf survivorship rates should be like other
inshore dolphin populations that face similar levels of interaction with tour boats (i.e. Doubtful
Sound population). Dolphin Bay is a stressful habitat for these dolphins. Dolphins in this habitat
show greater levels of cortisol (Perez-Ortega et al. in prep) and highly modulated whistles that
are indicators of stress in dolphins (Perez-Ortega et al. 2021). Thus, I predict that female
interbirth intervals (IBI) will be longer and calf survivorship lower in the Archipelago of Bocas
del Toro, Panama than other inshore coastal bottlenose dolphin populations due to the intensity
of the interactions with boats.
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Figure 1.1: Body shape and shading of coastal and offshore bottlenose dolphins (Wells and Scott,
2009).
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Figure 1.2: Cosmopolitan distribution of bottlenose dolphins (Wells and Scott, 2009).

Figure 1.3: Spatial map of global Tursiops truncatus sightings (OBIS).

9

Kahlia Gonzales

Honors Thesis

Chapter 2: Group Behavior of Bottlenose Dolphins in Bocas del
Toro
Abstract
Resident bottlenose dolphins in the archipelago of Bocas del Toro, Panama live in a small
population with males and females showing high levels of site fidelity. Throughout the
archipelago, dolphins are exposed to different types and levels of boat activity. Within Dolphin
Bay, dolphins are followed by tour-boats, whereas, outside the bay, dolphins are exposed to
small transport boats. In this chapter, I used sighting data from 2004 to 2019 to estimate group
size with and without calves, influenced by location (outside and inside Dolphin Bay) and
behavioral state. I found that the group’s mean size varies with locations, group composition, and
behavioral activity. Overall, groups were larger in Dolphin Bay, when calves and tour-boats were
present, and when dolphins were engaged in social activities. These results support previous
research highlighting the importance of Dolphin Bay as a nursery area and, most likely, as a
strategy to minimize the impact of the interactions with tour boats.

Introduction
The resident population of bottlenose dolphins in the archipelago of Bocas del Toro is a
small, coastal, genetically distinct population, which sustains the largest dolphin-watching
industry in Panama (May-Collado et al. 2017). The population consists of about 80 dolphins
(95% CI = 72–87; May-Collado et al. 2015), with and an effective population size of 73 dolphins
(Barragan-Barrera et al. 2017). Genetic and photo-identification data indicates that both males
and females show high levels of philopatry (Barragan-Barrera et al. 2017, May-Collado et al.
2017). The population appears to consist of two main communities: one found throughout the
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archipelago with low residency levels (7.7-38.5%), and another found at Dolphin Bay that
consist of about 48 dolphins with high levels of site fidelity (38.5-100%; May-Collado et al.
2017). Dolphin Bay is a semi-closed bay where resident dolphins spend their time foraging and
socializing (Kassamali-Fox et al. 2019).
In bottlenose dolphins, female reproductive success is expected to be positively
correlated with group size. Group size affords protection against predators and possibly
anthropogenic activities (Mann et al. 2000). Dolphin Bay's primary inhabitants are females with
their calves. The Bay is thought to be protected from predators such as hammerhead sharks
(May-Collado pers.comm. 2021). However, the Bay is considered a stressful habitat due to the
presence of tour boats that arrive every day between 9 a.m. and 3 p.m. to observe dolphins.
Despite efforts to educate boat-drivers on the national regulations of whale-watching activities
(Resolution ADM/ARAP NO. 01), the bay fills up with tour boats. May-Collado et al. (2015)
reported 39 boats following the same group of dolphins within 1 hour. The high presence of
boats competing for access to the dolphins leads to intense interactions that often end with
separations of mothers and calves (Sitar et al. 2016, May-Collado et al. 2017) and disruption of
important behaviors like foraging and socializing (Kassamali-Fox et al. 2019).
In this chapter, I used sighting data from 2004 to 2019 to estimate if group size with and
without calves is influenced by location (outside and inside Dolphin Bay) and behavioral state.
Kassamali-Fox et al. (2019) found that dolphins responded to the presence of multiple tour boats
by engaging in vertical avoidance (displacement), a behavior also observed when they encounter
active predators. I predict that group size will be larger inside Dolphin Bay than in other parts of
the archipelago, because it is where dolphins directly interact with tour boats. I hypothesize that
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group size will be associated with behavioral activities, calf presence, and that (independent of
the location) group size will increase during active behaviors such as traveling and socializing.

Methods
Study Area
The study was conducted in Bocas del Toro, Panama, as highlighted in Figure 2.1. Bocas
del Toro is an archipelago at 9° 20' 0" N and 82° 15' 0" W off the northeast Caribbean coast of
Panama, near the border with Costa Rica (Sitar et al. 2015). The archipelago consists of islands
and islets of mangrove trees, and shallow waters with sandy, muddy, and coral reef substrates
(May-Collado and Wartzok et al. 2008). Figure 3.1. shows the archipelago and the location of
Dolphin Bay.

Figure 2.1: Map of Bocas del Toro Archipelago and Dolphin Bay (Kassamali-Fox et al. 2020)
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Boat Surveys
Boat surveys were conducted from 7 A.M. to 5 P.M. throughout the Archipelago, running
from 5 days to 2 weeks per field season between 2004 and 2019. Table 2.1 shows the total
number of days surveyed per year. Once a single dolphin or a group was sighted, the boat would
maintain 30-50 meters of distance, turn off its engine, and proceed to collect behavioral data and
photo-identify the dolphins (May-Collado et al. 2012). The following standard information was
collected for each sighting: date, time, group size (minimum, maximum, and best estimation),
group composition (number of adults, juveniles, and calves present), predominant behavior at the
moment of the sighting, geographical position using a GARMIN GPS, and number of transport
and tour boats present at the moment of the sighting. Predominant behaviors were classified as
foraging, travel, and socializing following May-Collado and Morales et al. (2005) definitions.
Table 2.1: Number of effort days (when boat surveys
were conducted) in the multiple years of this study.
Year
Days of Effort
2004
5
2006
41
2007
16
2008
6
2009
6
2010
6
2012
19
2013
23
2014
66
2015
12
2016
22
2017
10
2018
19
2019
12
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Statistical Analysis
Data visualization and analyzes were done in JMP 14 (SAS Institute, NC, United States).
We used a Fit-Least Square test to look at the effect of location (Dolphin Bay versus the
Archipelahgo), group size, and boat presence on group size, as well as their interactions. The
level of statistical significance for all analyses was p =< 0.05.

Results
Between 2004 and 2019, there were 518 dolphin sightings in Dolphin Bay and 417
dolphin sightings within the rest of the archipelago, for a grand total of 935 dolphin sightings
over 15 years. Mean group size was significantly larger in Dolphin Bay than in the rest of the
archipelago (F9, 783 Ratio=4.34, p=0.026, Fig. 2.2). Groups with calves were significantly larger
than groups consisting of only adults (F9, 783 Ratio=52.47, p<0.0001). Group size varied with
behavior (F9, 783 =17.7, df=1, p<0.0001); groups engage in social activities were significantly
larger than those engaged in travel (z=-5.79, p<0.0001) and foraging (z=9.32, p<0.0001), and
groups engage in traveling were significantly larger than those engaged in foraging activities
(z=3.45, p=0.0005) (Fig. 2.3). Groups were significantly larger when tour boats were present (F9,
783

Ratio=14.9, df=1, p<0.0001, Fig. 2.4) and there was also a significant interaction between

location, calf presence, and behavior (F9, 783 Ratio=3.53, df=1, p=0.017). This interaction is likely
the result of groups with calves being larger in Dolphin Bay during social activities.
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Figure 2.2. Boxplots of group size with and without calves in Dolphin Bay and the rest of the
archipelago.

Figure 2.3. Boxplots of group size by behavioral activity in Dolphin Bay and the rest of the
archipelago.
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Figure 4. Boxplots of group size with and without calves by boat presence in Dolphin Bay and
the rest of the archipelago.

Discussion
This study finds that bottlenose dolphin group size increases in Dolphin Bay when calves
and boats are present and when dolphins are engaged in social activities. Dolphin Bay had
significantly larger groups than those in the Archipelago (Fig. 2.2). When females have young
calves, they favor larger group sizes to protect against predators or infanticide from males (Mann
et al. 2000). Females form loose social networks with females of different ages and kinship as a
strategy to provide calves protection and get better access to food (Harvey et al. 2017). This
could be an explanation for the larger groups seen with calves in Dolphin Bay (Fig. 2.2, Fig.
2.4).
The three major behaviors seen in the study populations are traveling, foraging, and
socialization. Groups engaged in socializing behaviors had larger group sizes in both the
Archipelago and in Dolphin Bay, with the Dolphin Bay groups being significantly larger (Fig.
2.3). Kassamali-Fox et al. (2020) investigated the effects of dolphin tourism on socialization.
Socialization is a key factor in reproduction, and constant interruptions from boats could result in
16
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negative impacts to the reproductive success of these dolphins. Kassamali-Fox et al. 2020 found
that the tourism in Dolphin Bay is affecting the activity patterns of the dolphins, altering their
activity budgets, causing them to forage and socialize less and travel more. The high levels of
boat activity in Bocas del Toro are associated with decreased reproductive, foraging, and resting
behaviors (Sitar et al. 2015).
Significantly larger groups with calves were seen in Dolphin Bay in the presence of tour
boats (Fig. 2.4). These groups take refuge in Dolphin Bay to avoid predators, protect their calves,
and forage (May-Collado et al. 2017), but the increasing presence of tour boats is making this
Bay an extremely stressful environment (Perez-Ortega et al. 2021). Mother-calf pairs use
Dolphin Bay for feeding, resting, shelter, and as a nursery. These slow-moving pairs have
increased vulnerability (Sitar et al. 2016) and should highlight the need for monitoring in
Dolphin Bay to protect them.
Unmanaged whale watching tourism is causing harm to the population of bottlenose
dolphins in Bocas del Toro. Direct impacts from tourism include injury or death caused by boat
propeller strikes or boat collisions (Sitar et al. 2016). Indirect consequences stem from the daily
harassment and alteration of biologically important behaviors. The Bocas del Toro population is
highly vulnerable to the multitude of consequences caused by dolphin-watching tourism; this
study calls for the need for conservation management in Dolphin Bay for this small population.
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Chapter 3: Female Productivity and Calf Survivorship Rates of
Bottlenose Dolphins (Tursiops truncatus) in Bocas del Toro, Panama
Abstract
The resident bottlenose dolphins of the Archipelago of Bocas del Toro, Panama are a
small population with males and females showing high site fidelity. Within the archipelago,
Dolphin Bay serves as critical habitat for these dolphins, but because of their predictability in
this bay, tour boats congregate in large numbers (up to 40 boats). Data on stress hormones,
acoustics, injuries, and behavioral observations indicate that Dolphin Bay is a stressful habitat
for these dolphins, raising concerns about the impact of these factors on recruitment and female
reproduction. This data was used to estimate female calving intervals and calf mortality rates. In
this study, I use photographs of natural marks on the dorsal fins to identify and follow females
and their calves from 2004 to 2018. A total of 42 females and 62 calves were photo-identified.
Overall, between 2004 and 2018, females had one to three calves. The median IBI was 47
months, and the mean IBI was 54.9 months (SD ± 24.9 months; range: 18-96 months). Overall,
the calf mortality rate was 0.587 with a survival rate of 0.413. In the context of other coastal
bottlenose dolphin populations in temperate and tropical waters, the Bocas del Toro dolphin
population had the lowest calf survivorship rate reported. These results raise concerns about
population recruitment and the need to identify the factors driving high calf mortality rates. I
propose that the intensity of interactions between dolphins and tour boats might be the main
driver of calf mortality. Previous work shows that a high number of tour boats decreased
dolphins’ foraging budgets while increasing avoidance behavior, such as traveling. Such
interruptions can result in high energetic costs to nursing mothers and their calves, the former of
which show high levels of stress in these situations. The results of this study will inform the
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government’s decision on establishing a protected area in Dolphin Bay, which could result in
better enforcement of whale-watching regulations.

Introduction
Female bottlenose dolphins produce one calf at a time and have an average IBI of 3.8
years (Robinson et al. 2017). Sexual maturity of cetaceans occurs between 6 to 10 years of age.
For female bottlenose dolphins, sexual maturity starts with ovulation, which then occurs until
death (Mead, 2018).
Both female reproductive success and calf survivorship are impacted by the presence of
predators, pollution, disturbances, and resource availability. In some populations of bottlenose
dolphins, females tend to give birth seasonally during the spring and fall (Mann et al. 2000).
During these times, the waters are warmer which is thermally efficient for both calves and
mothers (Mann et al. 2000). Food and resource availability also fluctuate to favor seasonal births.
This seasonality allows females to maximize nutritional intake both throughout their gestation
period and once their calf is born (Oftedal et al. 1997). Birth season and mortality data suggest
that females resume reproduction rapidly if the timing of calf loss allows them to give birth
within season the following year (Mann et al. 2000). This means that it is possible for an
individual to have a shorter calving cycle if her offspring dies early.
Calf survivorship and female reproductive success are, among others, parameters used to
estimate the overall health of a population. Calf survivorship fluctuates among different
populations based upon the specific conditions of their respective habitats. For example, a
population off the coastline of the outer Moray Firth, in northeast Scotland, was found to have an
estimated IBI of 3.72 years, and a calf mortality rate of 0.1037 (Sim, 2014). In the Bay of
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Islands, New Zealand, a different population of bottlenose dolphins had an estimated IBI of 4.3
years, and a calf mortality rate that ranged from 0.34 to 0.52 (Tezano-Pinto et al. 2015).
Bocas del Toro is a tropical ecosystem where bottlenose dolphins feed primarily on lowcalorie sardines (Barragan-Barrera et al. 2019). Calves are observed year-round with no apparent
calving seasons (May-Collado pers.comm. 2021). The most likely factor affecting female IBI
and calf survivorship are intense interactions with tour boats in their critical habitat Dolphin Bay
(May-Collado et al. 2017). Despite these intense interactions, the dolphins likely remain in the
area for two reasons: the bay is a semi-close habitat that provides protection from predators (e.g.,
hammerhead sharks) and food availability (e.g., low-calorie sardines).
From 2004 to 2019, the resident dolphins of Bocas del Toro have been photographed and
catalogued using natural marks on their dorsal fins. In this study, I followed confirmed females
and their calves from 2004 to 2018 to estimate female IBI and calf mortality rate. Given the
intensity of the tour boat industry in Bocas del Toro, I hypothesize that populations under such
stress have a longer IBI and a higher calf mortality when compared to other inshore coastal
populations.

Methods
Study Site
The Archipelago of Bocas del Toro is located in the Caribbean coast of Panama and
covers about 79.2 km2 within the inner part of the Archipelago. The region is characterized by
shallow and clear waters and bottom substrates consisting of seagrass, coral, and sand (MayCollado and Warzok et al. 2008).
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Data Collection
Photo-identification data consists of photographs of unique natural marks (Urian et al.
2014) caused by contact with propellers, fishing nets, or other dolphins on the dorsal fins.
Sighting data consists of group size, location, behavior, presence/absence of other boats, and
mother-calf associations. Both types of data from 2004 to 2018 were analyzed. This markrecapture method assumes that an individual’s marks are unique, that marks are recognizable
without error, and that marks are not lost or changed (Urian et al. 2014). The current (2021)
Bocas del Toro dorsal fin catalogue consists of 190 dolphins (dead and alive). Only photographs
of good quality (i.e., not grainy, too zoomed out or in, or blocked by an object; Urian et al. 2014)
and individuals confirmed to be females by genetic and hormone information or observations
with calves were included in this study. Calves were classified into age classes based upon their
size. Neonates (0─3 months old) were identified as those that were less than half the size of an
adult and had paler coloration (Mann and Smuts et al. 1998). Calves (3 months─3 years old)
measured roughly half the size of an adult, and juveniles (3─9 years old) measured ⅔ the size of
an adult (Kasuya et al. 1997; Tezano-Pinto et al. 2015).

Determining Calf Survivorship
If a calf was found with its mother for two consecutive years after its’ year of birth, then
it was considered to have survived. Calves born in 2019 were marked as “unknown” because
there are insufficient data to assess their survival. Dolphins typically stay with their mothers for
3-6 years (Wells et al. 2000); therefore, if the first sighting of a mother was with a juvenile, the
juvenile was presumed alive at the time of the sighting because it is common for them to separate
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from their mothers at that age. A subset of these data from 2004-2018 consisting only of calves
with known fates were used to estimate calving intervals.
Female Interbirth Interval
Female IBI was estimated by calculating the difference in months between the first
sighting of a mother-calf pair and the first time the same mother was seen with a different calf in
the following year(s). This number was rounded to the nearest half-month, and the standard
deviation was found. Reproductive success and calf mortality were determined by the number of
calves that survived or died respectively, divided by the total number of calves produced in the
overall population (Tezano-Pintos et al. 2015). Visualizations were performed in Excel.

Results
Female Interbirth Intervals
A total of 44 females were photo-identified and included in this analysis. Of this total, 14
females produced more than one calf between 2004 and 2018. Two distinct graphs were created:
(1) depicting female IBI when their previous calf had survived (Fig. 3.1) and (2) depicting
female IBI when their previous calf died (Fig. 3.2). Fig. 3.1 shows four distinct groups of female
IBI at 12 to 24 months (n=3), 42 to 54 months (n=3), 72 to 78 months (n=4), and at 96 months
(n=1). Figure 3.2 shows 3 distinct groups at 18 months (n=1), 36 to 48 months (n=6), and 78 to
96 months (n=3). The median IBI was 47 months, with modes at 42 and 78 months, and the
mean IBI was 54.9 (SD=±24.9) months (Fig. 3.1; Fig 3.2).
Calf mortality rate
A total of 63 calves were identified, which 59% (n=37) did not survive. Of those that
died, 70% (n=26) died within the first year, while the remaining 30% (n=11) died in the second
year (Fig 3.3). The years 2010, 2004, and 2006/2007 were the most successful years, with a calf
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survivorship of 1.0, 0.625 and 0.60 respectively. The years 2008, 2009, and 2015 were the least
successful years, with zero calf survivorship (Fig. 3.3). The calf mortality rate throughout the
study period was calculated to be 0.587 and the calf survivorship rate was therefore 0.413.
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Figure 3.1: Bars represent the number of females observed to have specific interbirth intervals
when their previous calf survived.
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Figure 3.2: Bars represent the number of females observed to have specific interbirth intervals
when their previous calf died.
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Figure 3.3: Bars represent the total number of calves produced each year and their survival
outcome.

Discussion
Out of all Bocas del Toro bottlenose dolphin females, at least 50% (n=23) of these
dolphins are reproductive females that produce >1 calf every 4.58 years. Mothers will give birth
to their next calf if their previous calf did not survive or if their previous calf became a juvenile
and separated from them (Robinson et al. 2017). However, there were some females that had an
IBI that was shorter than the average IBI. One possible explanation is that females with shorter
IBI are due to early calf mortality. If the offspring of these individuals died prematurely, it is
possible for them to become pregnant again soon thereafter. However, the Bocas del Toro
population appears to have a longer IBI (4.58 years) on average than other coastal populations
such as Moray Firth, Scotland (IBI=3.8 years; Robinson et al. 2017) and Sarasota Bay, Florida
(IBI=4 years; Wells and Scott, 1990). It is possible that calves in all the archipelago of Bocas del
Toro are simply staying with their mothers for longer periods of time, which would result in an
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increase in IBI. However, we did find variation in these females’ IBI with some producing calves
more frequently than others did, suggesting a combination of differences in reproductive age,
resource availability, and habitat disturbance as the cause for the observed variation.
Several factors may favor longer maternal care before separation including life history,
habitat, provisioning, and group size (Mann et al. 2000). Given the variations in how dolphins
interact with boats in Bocas del Toro (transport boats in most of the archipelago vs tour-boats in
Dolphin Bay), the observed variation in female IBI and calf mortality may be the result of direct
and indirect outcomes of these different pressures (May-Collado et al. 2012, Kassamali-Fox et al.
2015). The increased presence of boats causes more direct injuries, increased cortisol levels
(Perez-Ortega et al. in prep), and increased mother-calf separations, all of which can contribute
to a greater IBI and increased calf mortality.
In Bocas del Toro, from 2012 to 2015, at least 10 dolphins died due to boat collisions
(Sitar et al. 2016). This is a large proportion of the population, which creates concern for the
health and size of the population. There is great concern for potential boat collisions with calves,
due to their curious nature. Shallow waters of the archipelago, especially Dolphin Bay, are used
to shelter, rear, and feed calves (Sitar et al. 2016). There needs to be stricter enforcement of the
whale watching guidelines in the Bocas del Toro Archipelago. May-Collado et al. (2014, 2015)
suggest that action must be taken to preserve this population and prevent further harm to them.
The high calf mortality rate is of great concern for the Bocas del Toro population, which poses
the need for increased monitoring of the whole archipelago, but especially in Dolphin Bay.
Increased stress caused by net entanglement, avoidance of areas, and increased injury have all
been seen since the boat activity has increased in Bocas (Sitar et al. 2016). Given the high calf
mortality rate and multiple studies demonstrating the negative impact of tour boats on bottlenose
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dolphins, management of tour boats in the archipelago of Bocas del Toro is necessary for the
conservation of this vulnerable population.
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Chapter 4: A Comparison of Bottlenose Dolphin (Tursiops
truncatus) Population Ecology Data
Introduction
Repeated sightings of recorded, marked individuals over extended periods of time allow
for individual reproductive histories, which then allow for estimations of reproductive
parameters such as calf mortality, birth rates, and IBI (Tezanos-Pinto et al. 2015). The age of the
mother at the first birth and the spacing between the birth of the first and subsequent offspring is
the primary determinant for fecundity (Robinson et al. 2017). However, the large home ranges in
dolphins can limit the ability of researchers to record demographic data for a given dolphin
population. In populations such as this, capture-recapture data, non-invasive methods such as
photographs of natural marks on the dorsal fins, have proven essential in following bottlenose
dolphins over long periods of time and determining female IBI (Henderson et al. 2014). One of
the challenges is maintaining regular photographic sessions that allow follow-up with females
and newborn calves (Henderson et al. 2014). For example, field seasons in Bocas del Toro,
panama are limited to 2-6 weeks in duration, most times occurring once, and sometimes multiple
times, in a year (May-Collado et al. 2017, Henderson et al. 2014). As a result, not all new calves
and their subsequent fates may not have been recorded. Calves that died shortly after their birth
are particularly likely to be missed, limiting estimations of calving intervals, number of calves
being born, and calf survivorship (Mann et al. 2000, Wells and Scott, 1990, Henderson et al.
2014). Despite these limitations, capture-recapture data using photographs of female’s dorsal fins
and her calves provides a non-invasive way to follow her through at least a portion of her
reproductive life, generating information on the survival rate of her offspring and the pace of
parturition (Robinson et al. 2017). Understanding female reproductive output and its’ variation
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can help determine population health and individual fitness, which can then inform management
and conservation efforts (Robinson et al. 2017). The goal of this chapter is to provide a
comparative review of bottlenose dolphin populations' state of knowledge in terms of population
size, home range, calf survivorship, female productivity, and anthropogenic factors proposed to
impact these population variables. A summary of the findings are described in Table 4.1.

Temperate Water Bottlenose Dolphin Populations
Bottlenose Dolphins of Moray Firth, Scotland
Moray Firth is in the northeast of Scotland. The inner portion of Moray Firth is a Special
Area of Conservation that was established in 2005 (Robinson et al. 2017). Here, a resident
bottlenose dolphin population inhabits inshore waters and expands into the North Sea. Robinson
et al. (2017) found low IBI in females who lost a calf early on and long intervals in females
approaching reproductive senescence. They also observed higher intervals in young mothers with
surviving first and second born calves. The authors also found that social bonds between females
in the Moray Firth may contribute to their reproductive fitness by enhancing access to different
resources, providing protection from males, increasing group vigilance, and other social benefits
which are necessary for calf survivorship. For example, they found that larger group sizes
produced larger cohorts of surviving calves (Robinson et al. 2017). The establishment of the
protected area appears to be helping the population to recover. The proportion of females with
newborn calves increased from 0.16 in 2001 to 0.28 in 2016; and second year survival increased
from 0.32 to 0.55 (Cheney et al. 2019). The calf survivorship rate for this population is 83% and
the female IBI is 3.8 years (Robinson et al. 2017).
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Robinson et al. (2017) examined reproductive traits in female bottlenose dolphins using
longitudinal sightings data collected over twenty years. 102 females were identified between
1997 and 2016. 74 mothers produced 193 calves (Robinson et al. 2017). ~90% of the known
population had been recaptured with photo-ID over the course of their 20-year mark-recapture
study (Robinson et al. 2017).

Doubtful Sound, New Zealand
Doubtful Sound is a large, glacially carved fjord located southwest of the South Island of
New Zealand (Henderson et al. 2014). The resident bottlenose dolphin population shows high
site fidelity and a small home range. From 1995 to 2007 the dolphin population experienced a
decline of 34%–39% to 60 individuals, likely the result of low calf survivorship and low
recruitment into the adult population (Currey et al. 2009). In addition, these dolphins are
impacted by two anthropogenic factors: (1) a hydroelectric power station that discharges
freshwater and lowers the salinity of the fjord, impacting the local the food web, and increasing
epidermal lesions in the dolphins; and (2) dolphin-watching tour boats, which affect the
dolphins’ behavioral budgets and energy expenditure. These factors may increase calf mortality
rates, by indirectly impacting pregnant and lactating females (Henderson et al. 2014; TezanosPinto et al. 2009). Concerns of inbreeding and fixation of unfavorable mutations via genetic drift
have led to the classification of this population as threatened by the IUCN Red List (2013). The
calf survivorship rate is 40% and the female IBI is 2.1-5.38 years (Henderson et al. 2014).
Henderson et al. (2014) recorded 71 total calves from 27 breeding females. Photo-ID
surveys were conducted on a predetermined route throughout the Fjord (Henderson et al. 2014).
This study did not include third-party accounts of reported new birth or calf death (Henderson et
al. 2014). Their calving session was defined as from October 1st to September 30th and used
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data collected from the 1994/1995 calving season until the end of the 2010/2011 calving season
(Henderson et al. 2014).

Tropical Water Bottlenose Dolphin Populations
Sarasota Bay, Florida
The resident population of bottlenose dolphins of Sarasota Bay is the one of the best
studied dolphin populations in the world. The population consists of approximately 100 animals
with both males and females showing high philopatry (Wells and Scott, 1990). Their home range
covers an area of 100 km2 and includes shallow bays, narrow channels, seagrass meadows, and
the coastal waters (Wells and Scott, 1990). The population has been studied for over 40 years
using a combination of field methods: photo identification, radio and acoustic tags, behavior
observations, biopsies, and regular health (Wells and Scott, 1990). Females’ reproductive IBI is
estimated to be 4 years, and calf survival rate for first year calves is about 80% (Wells and Scott,
1990; Wells et al. 2000; Fruet et al. 2015).
Field studies in Sarasota Bay, FL began in 1970 and have continued to this day. The
analysis presented in Wells and Scott, (1990) included 116 dolphins (Wells and Scott, 1990).
Data for this study was collected on 336 days from April 1980 through December 1987, with 288
census days and 48 capture (Wells and Scott, 1990). Through extensive photo ID boat survey,
researchers at the Sarasota Dolphin Research Program can recognize every bottlenose dolphin of
the Sarasota Bay population (Wells and Scott, 1990).
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Archipelago of Bocas Del Toro, Panamá
The resident population of bottlenose dolphins of the archipelago of Bocas del Toro is a
small, coastal, genetically distinct population that sustains the largest dolphin-watching industry
in Panama (May-Collado et al. 2017). The population consists of 80 dolphins (95% CI = 72–87)
(May-Collado et al. 2015), with an effective population size of 73 dolphins (Barragan-Barrera et
al. 2017). Genetic and photo-identification data indicate that both males and females show high
levels of philopatry (Barragan-Barrera et al. 2017; May-Collado et al. 2017). The population
appears to consist of two main communities: one found throughout the archipelago with low
residency levels (7.7-38.5%) and another found at Dolphin Bay that consist of about 48 dolphins
with high levels of site fidelity (38.5-100%) (May-Collado et al. 2017). Dolphin Bay is a semiclosed bay, and resident dolphins spend their time here foraging and socializing (Kassamali-Fox
et al. 2019). Females with calves are the main inhabitants of Dolphin Bay, as this site is protected
from predators including hammerhead sharks (May-Collado pers.comm. 2021).
Dolphin Bay dolphins are the primary target of the dolphin-watching activities due to
their high site fidelity and predictability (May-Collado et al. 2015). Although Panama has whalewatching regulations, these are often not followed (Sitar et al. 2016), and, as a result, boatdolphin interactions often lead to interruptions of important behaviors, separation of mothers and
their calves, and injuries (May-Collado and Trejos et al. 2015, Kassamali-Fox et al. 2019).
Because of the intensity of these interactions, Perez-Ortega et al. (2021) described Dolphin Bay
as a stressful environment, with dolphins showing high cortisol levels during high tourist season
(Perez-Ortega et al. in prep) and high levels of whistle modulation, an indicator of stress (PerezOrtega et al. 2021). The International Whaling Commission in 2012 and 2015 highlighted this
dolphin population as a conservation priority and recommended further studies to determine
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basic demographic estimates for this population’s calf survivorship. The calf survivorship rate is
41.3% and the female IBI is 4.58 years.

Table 4.1: Reproductive parameters of individual bottlenose dolphin populations estimated from
long term photo-identification studies. The abbreviation SAC refers to established Special Areas
of Conservation. Blank cells refer to lack of information regarding that category. Anthropogenic
factors include dolphin-watching tourism, provisioning, terrestrial anthropometric factors
affecting the water, or other anthropogenic factors potentially affecting calf mortality and female
productivity.
Population

Calf
Survivorship
Rate

Moray Firth,
North Sea,
SCT

83 %

Fecundity
Rate

Interbirth
Interval

Population Size

Anthropogenic
Factors

0.16

3.80 years

74 mothers
~200 individuals

No - SAC

2.1-5.38 years

27 mothers
60 individuals

Yes

(Robinson et al. 2017)

Doubtful
Sound, NZ

40%
…

(Henderson et al. 2014)

Sarasota Bay,
USA

81.1%

0.09

4 years

~170 individuals

Yes

41.3%

…

4.58 years

42 Mothers
~127 individuals

Yes

(Wells and Scott et al.
1990)

Bocas del
Toro, PA

Discussion
In narrow breeding seasons or when a calf is lost late in the season, the female dolphin
delays conception until the next breeding season (Mann et al. 2000). With a calf death early in
the breeding season or with longer breeding seasons, females can resume cycling quickly (Mann
et al. 2000) and may depend on the degree of overlap with human activities. For example, the
Moray Firth bottlenose dolphin population has a Special Areas of Conservation and has a shorter
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IBI (3.8 years) (Robinson et al. 2017). Populations without a Special Area of Conservation have
longer IBI, such as in the Bocas del Toro dolphin population (4.58 years) and the Doubtful
Sound dolphin population (5.38 years) (Henderson et al. 2014).
Differences in calf survivorship can be seen between populations with and without
anthropogenic influences. The lowest calf survivorship rates were seen in the Bocas del Toro
dolphin population (41.3%) and the Doubtful Sound dolphin population (40%) (Henderson et al.
2014). These populations are exposed to significant harassment from dolphin watching tour
boats. In Bocas del Toro, the high site fidelity of dolphins makes them easy targets for dolphinwatching tour boats. Anywhere from 1 to 39 boats have been seen harassing these dolphins at a
single time, disrupting their foraging, socialization, and communication activities, and
potentially separating mother-calf pairs (May-Collado et al. 2015; Kassamali-Fox et al. 2020).
The Moray Firth bottlenose dolphin population has a Special Area of Conservation and a
high calf survivorship of 83% (Robinson et al. 2017). Special Areas of Conservation prohibit
tourism, giving the dolphins a haven to perform their biological activities undisturbed. Sarasota
Bay is an interesting population, as they have no Special Area of Conservation, but have a
comparably high calf survivorship rate of 81.1% (Wells and Scott et al. 1990). Since 1970, the
Sarasota Dolphin Research Program has continued to provide research and education about the
conservation and protection of bottlenose dolphins through publications and community
outreach (Sarasota Dolphin Research Program). Community engagement, public infatuation
with the population, and strict U.S. laws regarding cetaceans may have contributed to the vitality
of this population, despite not having an area of conservation. The Sarasota Bay population
proves that dolphin-watching tour boat management and community education can prove
advantageous for the local populations.
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